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The  book  deals  with  the  problems  oonneoted  with  the  analytical  determina¬ 
tion  of  the  dynamio  oharaoteristios  of  the  elements  of  power  installations, 
methods  of  making  moo tups  of  random  stationary  disturbances,  methods  of  speeding 
up  engines,  eto. 

The  book  is  intended  for  speoialists  who  are  working  with  problems  of  auto¬ 
matic  control  of  power  aviation  and  rooket  units  as  well  as  problems  in  the 
theory  of  automatic  control. 
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PREFACE 

In  this  compendium  there  are  included  articles  which  deal  with  different 
problems  in  the  automatic  control  of  aviation  power  plants. 

In  researching  the  problems  of  automatic  oontrol  of  power  plants  the  com¬ 
ponent  elements  of  whioh  oonsist  of  heat-exchanging  apparatuses  muoh  signifi¬ 
cance  must  be  attaohed  to  knowledge  of  the  dynamlo  characteristics  of  these 
apparatuses.  In  the  general  system  of  oontrol  the  heat-exohanging  equipment 
represents  a  link  described  in  a  two-dimensional  space  by  a  system  of  partial 
differential  equations  having  variable  ooeff ioients.  The  analytical  solution 
of  such  a  system  is  bound  up  with  great  difficulties.  However,  with  the  intro¬ 
duction  of  a  number  of  permissible  simplifications,  it  proves  possible  to  re¬ 
duos  an  original  system  of  equations  to  definite  equations,  and  in  this  way 
determine  the  approximate  transfer  funotion  for  a  heat-exohanging  apparatus. 

This  question  is  dealt  with  in  the  artiole  by  A.  A.  Shevyakov  and  R.  V.  Takov- 
leva. 

For  solving  the  problem  as  to  the  worth  of  one  or  another  system  of  auto¬ 
matic  oontrol  of  an  airoraft  power  plant,  it  is  neoessai'y  to  know  its  behavior 
under  the  aotion  of  a  moving  mass  of  air  (wind,  air-flow,  gusts,  turbulent  form¬ 
ations  in  the  atmosphere,  eto.).  Ordinarily  the  investigation  of  suoh  a  system 
of  automatic  oontrol  is  done  with  the  aid  of  different  mock-up  devioesf  there¬ 
fore,  it  is  important  to  get  yhe  signs  whioh  characterise  the  arbitrary 
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disturbance*  of  turbulent  atmosphere.  The  artiole  by  T.  S.  Mart 'yanova  is 
devoted  to  a  consideration  of  simple  methods  of  obtaining  these  signs  and  their 
introduction  into  a  moolc-up  system  of  automatio  oontrol. 

The  system  of  automatio  oontrol  of  a  modern  aviation  power  plant  inoludes 
means  for  regulating  the  engine  and  inlet  devioe.  In  determining  the  optimum 
oharaoteristios  of  suoh  a  system  of  automatio  oontrol  it  is  necessary  to  take 
into  consideration  the  aotion  on  it  by  the  turbulent  atmosphere.  In  the  artiole 
by  V.  I.  Novikov  there  is  a  sufficiently  detailed  consideration  of  these  questions, 
and  the  optimum  transmission  functions  for  the  elements  of  oontrol  system  under 
discussion  are  presented. 

One  of  the  most  complicated  problems  in  systems  of  automatio  oontrol  of 
power  plants  with  turboprop  is  oonneoted  with  the  starting  of  the  engine.  This 
is  explained  by  the  change  of  all  the  parameters  whioh  oharaoterize  in  a  given 
moment  the  mode  of  the  engine's  operation  during  its  starting.  The  introduction 
of  reduced  parameters  into  the  system  of  starting  the  turbojet  enables  one  to 
make  it  more  universal.  These  problems  are  disoussed  in  the  artiole  by  Tu.  V. 
Lyuvomudror. 

In  oonneotion  with  the  wide  development  of  civilian  aviation  in  all  coun¬ 
tries,  more  attention  is  being  paid  to  the  reduction  of  the  noise  from  the 
turboprop  power  plant  for  multi-engine  airoraft.  This  is  attained  by  means  of 
synchronization  of  the  number  of  turns  and  the  synchronous  phasing  of  the 
angles  between  the  blades  of  ths  propellers  of  the  separate  engines.  The  artiole 
by  0.  B.  Vlasov-Vlasyuk  is  devoted  to  a  detailed  consideration  of  these  questions. 

Of  deoisive  significance  for  any  system  of  oontrol  and  fuel  feed  in  all 
airoraft  power  plants  is  the  dependability  of  the  wording  of  the  equipment,  but 
for  equipment  intended  for  oivilian  aviation,  t  ere  is  neoessary  besides  this, 
a  great  reserve  of  work  in  the  apparatus.  The  artiole  by  0.  P.  Anuohkin  is  de¬ 
voted  to  these  problems!  it  is  written  from  materials  in  foreign  periodicals. 
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When  a  turboprop  airplane  lands  with  the  surrounding  atmosphere  at  low 
temperature,  the  negative  thrust  of  the  engine  oan  reach  proportions  that  are 
not  permissible.  For  liaiting  it  one  may  use  a  devioe  for  arresting  negative 
thrust.  The  results  of  theoretioal  researoh  of  the  dynamios  of  turboprop  oon- 
trol  with  s  negative-thrust-arresting  devioe  are  disoussed  in  the  artiole  by 
L.  K.  Oetsov  and  T.  S.  Mart'yanova. 

The  oorreot  working  of  the  fuel  atomisers  has  no  small  effeot  on  the  oapa- 
oity  of  the  airoraft  engine  for  doing  work.  The  artiole  by  A.  M.  Prakhov  takes 
up  a  number  of  questions  on  the  working  of  the  atomizers. 
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SYN3HH0  PHASING  OF  PROPELLER  BLADES  OF  MOLTI -ENGINE  AIRCRAFT  BY  AUTOMATION 


Introduction 

Pwerplant*  and,  in  particular,  rotating  propallara  conatituta  major  sources 
of  noiaa  on  aircraft  with  turboprop  anginas*  According  to  data  of  sosae  authors 
(Bibl.  1),  maximum  level  of  noiaa  produced  by  a  rotating  pro pal la r  at  tha  terminal 
peripheral  speed  of  propeller  blade  of  0*9  Mach  constitutes  roughly  118  db 
and,  at  tha  supersonic  terminal  peripheral  speed  -  128  db,  which  exeeeda  the  noise 
level  produced  by  turbojet  engine. 

The  level  of  noise  produced  by  the  propeller  even  with  the  subsonic  peripheral 
apeed  exceeds  considerably  its  maximum  permissible  value. 

The  sound  insulation  of  aircraft  fuselage  makes  it  possible  to  reduce  somewhat 
the  noise  level  in  the  passenger  cabin,  particularly  in  its  h-f  range  .when  is  exercises 
the  strongest  affect  on  man's  auditory  apparatus. 

However,  the  noise  due  to  rotation  of  propellers,  occupying  the  1-f  range, 
is  stronger*  Coping  with  the  1-f  noise  by  means  of  sound  insulation  of  the  passenger 
cabin  is  not  noticeably  effective  and,  therefore,  the  noise  reduction  la  accomplished 
by  other  meana,  such  as  decreasing  the  peripheral  speed  of  propeller  blades, 
increasing  the  number  of  propeller  blades  at  relatively  low  speeds  of  flight,  etc. 

Ifcssengers  are  affected  also  by  a  disagrreable  action  of  the  sound  'beat* 

produced  as  a  result  of  the  asynchronous  rotation  of  propellers  of  multi-engine 
aircraft* 

Most  disagreeable  are  beats  with  frequency  range  of  0,2  to  8  -  10  cps. 
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At  tbs  beat  frequency  lover  than  0.2  cpa,  its  disagreeable  effect  is  somewhat 
lesser  due  to  the  fact  that  the  power  of  sound  changes  at  a  relatively  lower  rate* 

At  the  beat  frequency  higher  than  10  ops*  the  huaan  auditory  apparatus  ceases 
to  perceive  differences  among  rapid  changes  of  sound* 

The  synchronization  of  RIM  rate  of  propellers  of  all  engines  constitutes 
a  means  of  coping  with  'beats*  of  sound*  According  to  some  experimental  data 
(Blbl*  2),  the  synchronization  of  RIM  rate  causes  some  reduction  of  the  magnitude 
of  total  sound}  however*  this  fact  is  not  confirmed  by  all  researches* 

As  was  demonstrated  by  a  number  of  theoretical  and  praotloal  investigations* 

the  noise  level  may  differ  at  the  various  phase  relations  among  propeller  blades* 

even  at  the  synchronous  rotation  rates  of  shafts  of  all  engines*  Consequently* 

we  have  a  minimum  noise  level  at  some  of  these  relations.  Therefore*  a  certain 

decrease  in  the  noise  level  can  be  achieved  by  means  of  synchrophasing*  1*  e*» 

maintaining  specific  values  of  angular  relations  among  propeller  blades 

of  the  various  engines*  The  synchrophasing  makes  it  possible  to  reduce  the  noise 

level  in  the  1-f  range*  that  is*  in  the  range  where  thla  noise  level  has  the  greatest 

% 

magnitude* 

The  eynchrophasing  is  expedient  also  because  it  diminishes  a  harmful  effect 
of  1-f  sound  oscillations  on  aircraft  structure*  causing  the  vibration  of  Its 
Individual  elements. 

The  preclelon  in  phase  maintaining,  which  Insures  the  constant  minimum  noise 
level*  amounts  to  approximately  5  to  7°»  1*  1*  obvious,  however*  that  it  may 
change  in  plus  or  adnus  for  the  various  structures  of  alroraft  and  propellers* 

The  synphasal  rotation  of  propeller  blades  of  all  engines  can  be  achieved 
in  several  ways.  The  first  method*  theoretically  airiest  and  absolutely  reliable* 
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consists  In  a  rigid  connection  of  engines  by  means  of  the  joint  msehanloal  shaft* 
However,  the  practical  realisation  of  this  method  poses  considerable  difficulties 
and  causes  a  substantial  increase  in  aircraft  weight* 

The  synchrophasing  through  connection  of  engines  by  means  of  the  various 
'flexible  shafts'*  e.  g*,  an  electric  shaft*  also  causes  a  considerable  increase 
in  the  weight  of  poverplants  of  aircraft  and,  therefore*  their  application  is  not 
expedient*  There  remains  the  third  method,  to  wit*  maintaining  --  with  the  prescribed 
degree  of  accuracy  —  the  requisite  magnitude  of  phase  among  propeller  blades 
by  acting  upon  the  engine  control  system  and,  particularly,  on  the  RIM  regulator 
of  propeller  shaft  (engine  shaft)*  Such  an  action  can  be  realized  only  by  means 
of  special  automatic  devices. 

The  relationship  among  characteristics  of  noise  produced  by  rotating  propellers, 
at  the  asynchronous  speed  of  their  rotation  and,  consequently,  at  the  variable  phase 
among  propeller  blades  of  the  various  engines,  was  investigates  earlier  by  several 
authors  and  is  not  an  objeot  of  research  in  this  work*  We  are  presenting  in  this 
article  the  results  from  investigation  of  certain  possible  schemes  for  synchrophasing 
of  propeller  bladea  by  means  of  autosaatlon-  at  the  various  disturbing  actions 
on  the  engine  in  flight*  It  was  assumed  during  the  investigation  that  the  synchro  phasing 
system  should  satisfy  requirements  imposed  on  suoh  a  system  as  regards  the  accuracy 
of  maintaining  the  phases  only  in  steady  conditions  of  aircraft  flight,  inasmuch 
as  the  transient  conditions  of  flight  (e.  g,,  takeoff  and  climbing)  coHaand  only 
a  small  part  of  the  entire  flight  time. 
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In  order  to  seleet  an  expedient  scheme  for  synchronizing  the  blades  of  propeller* 
of  ail ti -engine  aircraft  equipped  with  turboprop  engines,  we  mist  know  the  system 
of  automatic  control  of  engines,  as  well  as  the  requirements  which  should  be  satisfied 
by  the  synchrophasing  system* 

When  no  special  devices  are  available,  the  angular  rotational  velocity  of  propeller 
shafts  of  aircraft  engines  is  not  the  sams;  this  is  explained,  in  the  first  place, 
by  the  impossibility  of  adjusting  with  an  absolute  accuracy  eaoh  RIM  regulator 
of  all  engines  to  one  value*  Therefore,  the  difference  among  RIM  rates  of  the  various 
engines  can  be  relatively  great,  attaining  in  certain  cases  20%  of  the  nominal  value* 

When  the  RFM  rates  of  two  engines  differ  by  2%t  the  nominal  RPM  rate  of  propeller  shaft 
being  1000  rpm,  one  propeller  shaft  will  outstrip  the  other  by  2/3  revolution  per  second* 
Consequently,  during  this  time,  the  blade  of  propeller  having  a  higher  angular  rotational 
velocity  will  outstrip  two  and,  in  soma  cases,  even  three  blades  of  propeller  revolving 
with  a  lower  velocity. 

The  synchronization  of  RPM  rate  and  the  synphaslng  of  propeller  blades  can  be 
accomplished  by  two  methods,  that  is,  either  in  one  of  the  engines  (driving  engine), 
or  by  a  special  master  device*  The  superiority  of  the  first  nethod  consists  in  the  reduced 
amount  of  equipment  j  the  driving  engine  may  work  without  a  synohro phasing  system, 
thus  eliminating  the  need  for  a  special  master  device.  However,  it  is  known 
from  the  praotioal  experience  in  operation  of  aircraft  with  turboprop  engines 
that,  even  during  a  steady  flight,  the  engine  RPM  rate  varies  constantly 
with  amplitude  of  Z  3  to  3  rpm  on  propeller  shaft  and  mean  frequency  of  about  0*3  opm. 
Therefore,  when  the  synchro  phasing  system  is  switched  on,  the  driving  engine 
will  be  an  additional  source  of  disturbing  actions  for  driven  engines |  this  complicates 
to  a  still  higher  degree  the  synchro phasing  problem,  difficult  enough  as  It  is. 


Because  of  this  fact,  one  should  consider  as  more  expedient  the  realization 
of  synchro  phasing  by  a  spedial  master  device,  provided  that  its  operation  is  stable. 

Tig.  1  shows  one  of  the  possible  end  simplest  functional  diagrams  of  synohrophaeing. 
This  functional  diagram  does  not  include  the  fuel  consumption  regulator,  performing 
normally  as  an  open  system,  and  its  actions  on  engine  can  be  regarded  as  extraneous 
disturbing  actions. 


Fig.  1.  Functional  Diagram  of  Synchrophasing  System. 

1  -  engine]  2  -  master  devloei  3  -  synchrophasotron*  i  4  -  regulator  of  variable -pitch  prop 
Trans  1.  note i  Item  3  in  the  above  diagram  reads  S INKHRO FAZCTFON  (•proton-synchrotron* 
or  ’synchrophasotron* ) .  The  text  refers  to  SINKHROFAZATOR  (• synchro phsslng  unit*), 
indicating  a  possible  error  in  the  diagram  legend. 

Ve  shall  determine  what  properties  the  transfer  function  of  synchro  phasing  unit 
should  have,  in  order  to  fulfill  basic  conditions  determining  the  fundamental  purpose 
of  synchro  phasing  which  consists  in  the  following*  upon  termination  of  the  transient 
mode  caused  by  any  disturbing  actions  (including  the  Inaccuracy  in  adjustment 
of  RFM  regulator),  the  system  should  establish  a  constant  and  quite  definite  value 
of  the  phase. 
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The  system  of  differential  equations  describing  dynamic  properties  of  the  system* 
whose  functional  diagram  is  presented  in  Tig*  1*  has  the  following  form* 


Motion  equation  of  compressor!  • 

(TtP~V  4*  ^13-^3“  ^"(*  )■  (1) 

Motion  equation  of  combustion  chamber  (without  allowance  for  transient  delay)  t 

jc,=  — +  (2) 

Motion  equation  of  RFM  regulator  with  variable-pitch  propellert 

^i*);  (3) 

We  shall  write  the  motion  equation  of  synchrphasing  unit  in  a  more  general  formt 

dA'i^,=-  U”?  (/>)  .<5j.  (ij) 

Here  Is  the  relatlre  deviation  of  RFW  rate; 

jju  ^  i»  the  relative  deviation  of  the  angle  of  propeller  blade  setting; 

X 3  is  the  relative  deviation  of  gas  temperature  before  the  turbine; 

F(  t  )  are  the  external  disturbing  actions; 

* 

JUb^  is  the  relative  change  in  fuel  consumption; 

control  signal  of  synchrophasing  system*  acting  upon  the  adjustment 
of  RIM  regulator; 

Ty is  the  time  constant  of  turbooompressor; 

TR  is  the  time  constant  of  KPM  regulator  with  variable-pitch  propeller; 

amplification  constant  of  turboc oppressor  according  to  the  angle  of  propeller 
blade  setting; 


W°(p)  Is  the  transfer  function  of  synchro  phasing  unit) 

C 

%  q  ic  th a  relative  deviation  of  the  phase  of  propeller  shaft  rotation  angle. 

The  relative  deviation  of  phase  is  detendned  within  its  initial  value 
by  the  deviatioi  of  the  engine  RIM  rate  (at  the  constant  rotation  rate  of  aaster  unit). 
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[(7V/J+  l)(7V?/>-*-  l)y»-  +  *12*=j/>“.-*12*2lU'rc  (/O  *13*31  (TrP-’i 

=  -  kl2k2l  Wc (P) ^  -1-  *13*3, (7>f  1)/'-  \1q  +  (TrP  +  ])r'F (0  (t) 

or ,  haring  designated 

{T1p+\){TRp+\)p-irkxikir\-ki3k3i(rRp-  1  )p=D(/>). 

which  includaa  only  tha  praacribad  parameters  of  angina  and  REM  regulator 
with  variable-pitch  propallar,  wa  shall  have 

[  D  (/>)  P  +  *,2*21 (/*»  A>  -*1^1^ :(/,)AX,+  (Q) 

+  *  ,3*3,  (^/'  +  -T  (T/?  ^  +  1  }  ^  (/)‘ 

In  tha  final  analysis ,  we  are  intaraatad  not  in  tha  deviation  of  RfM  rata 
but  in  tha  deviation  of  phase  from  tha  prasoribad  quantity.  Therefore,  aquation  (3) 


yields 


a-,—  yi.Vc  —  A.v, 


and.  hawing  substituted  tha  expression  obtained  for  /  ^  In  aquation  (8). 


wa  obtain 


\D(p)j>+l:l7k1{\\'\p)\.<t=D{p)^xl  ,  *i3*3i (7*/’  ')/’! ln 

-\-{TRP+\)/>r(t). 


In  order  to  achieve,  in  staady  flight  nodes,  tha  oorrsspondanea  of  phase 
to  tha  prescribed  quantity  at  any  actions  on  the  angina  and  with  any  inaccuracy 
in  ad  justment  of  tha  RIM  regulator,  tha  system  must  ba  astatic  in  relation 
to  signals  AX^tjLAq  and  F(t).  This  can  ba  attained  by  selection  of  tha  corresponding 
transient  function  V0{p). 

*  4 

Let  us  consider  what  requirements  must  ba  satisfied  by  the  transfer  function 
Ve(p)  for  each  signal  separately. 


For  tha  signal  on  inaccuracy  in  adjustment  of  tha  RIM  regulator  we  ba  wa 

\IHP)P  \  kl}k„\\\(P)]x%-=P(p)^v  (fa) 

In  this  case,  tha  system  will  be  astatic  in  relation  to^X^,  ^  the  transfer 


function  can  ba  represented  in  form 
PTC)  -TT  -62-1168/1  /-  X 


r 

r 


Furthermore,  it  le  sufficient  for  signals  jX  and  F(t)  that  the  element 
haring  the  transfer  function  VQ(p)  be  not  a  differentiator. 


Consequently,  if  one  desires  the  system  (10)  to  be  astatic  in  relation 
to  anyone  of  actionsi  A ft q  and  F(t),  it  is  necessary  and  sufficient 
that  the  transfer  function  VQ(p)  be  reduced  to  the  form  of  equation  (11), 


Let  us  determine  conditions  of  stable  performance  of  the  system  at 
In  tfcia  case,  the  characteristic  equation  of  the  entire  synohrophasing  system 
will  hare  the  following  form 


"7\7p/'M  (7%  ^’i3^'3i)l  I’*  (ktikM 

kuk2]p* -{■  knk2\kc  0. 


(12) 


This  system  is  obrlously  unstable. 


Consequently,  the  introduction  of  a  synchrophasing  unit  haring  the  transfer  funotlon 
Wc(p)  renders  the  system  unstable. 


Let  us  consider  the  condition  of  stability  of  the  synchrophasing  system 
when  the  transfer  funotlon  of  the  synchrophasing  unit  has  the  form 

rt(/o  <ir ;  .  (13) 

r 

The  characteristic  equation  of  the  system  will  then  acquire  the  following  forms 


TJKP'  \  |7Vt  7«<H  ,  (A-|3A-31  +  i)/'3  f 

^12^21  V  **f~  ^  12^*  1^1  V  ^12^21^2 

Hencs  ths  condition*  of  stability  of  ths  systsm 

n  |  r,  7^(1  -  A’ , 3fc3 1 ) )  ( l  Aij^jt)  7 ,7  flA’jjfcy  >  0; 

••’)  |7't-} 7*(1  j- kl3lc3l))(\-\ 

*f  l7T  +  ^ff(W  ^  |7,  7R(lr 


(11*) 


(13) 
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(15) 


3)  [14-*,— {[7'.+7«(1  C1  + 

{TjKk2~\rT-\-rK(\  + 

+  ^l)  ^  0. 


The  inequality  1  from  equation  (15)  is  always  fulfilled*  because  the  control 
system  of  engine  RIM  rate  is  stable.  The  fulfillment  of  conditions  2  and  3 
from  equation  (15)  depends  on  values  of  parameters  k^  and  kg  of  the  synchrophasing 
unit.  • 


Fig.  2  shows  the  region  of  stability  in  coordinates  of  parameters  and  kg 
at  the  following  values  of  parameters  Tj*  3.6  secj  Tk  -0.07  secj  k^2  -  5®k  t  kg^-0.01 

k13=1.46»  k31=o.55,  iiq  =.  1075. 


Figure  2.  Stability  Regions  during  the  Aotion  of 
Synohrophasing  Signal  Only. 


The  transfer  function  of  synchro  phasing  unit  (13)  can  be  realized  by  two  methods. 

e 

Let  us  represent  the  function.  Ve(p)  in  form 


(1) 


«<(/>)=*.- i 


k; 

r 
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Hence  follows  that  the  re-ad  justment  of  the  RPM  regulator  should  be  accomplished 
according  to  the  integral  from  phase  mi  snatch  (fulfilling  the  condition  of  astaticity 


of  the  system  in  relation  to  inaccuracy  in  adjustment  of  the  RIM  regulator)* 
and  also  according  to  signal  proportional  to  the  phase  mismatch  (fulfilling 
the  conditions  of  stability  of  the  system)* 


In  the  second  method*  the  action  on  adjustment  of  the  RPM  regulator  can  be 
accomplished  according  to  the  siguil  proportional  to  the  difference  of  RIM  rates 
of  propeller  shaft  and  master  device*  i*  e**  according  to  the  signal  n^  -  n^, 
inasmuch  as 


P 0=-^-  («i—  «io). 

In  this  case*  the  equation  of  synchrophasing  unit  acquires  the  form 


(J) 


/>5VV|,|,  (A'i/>  4  A’2)  (.V1+A.V1). 


(16) 


The  problem  involved  in  reduction  of  the  angular  rotational  velocity 
of  propeller  shafts  of  all  engines  to  one  value  with  the  aid  of  a  synchrophasing 
unit  performing  only  by  magnitude  of  phase  mismatch  cannot  be  worked  out* 
because  the  sign  of  control  signal  does  not  always  correspond  therein  to  the  required 
sign  of  synchronizing  signal*  This  discrepancy  is  explained  by  the  fact  that 
it  does  not  matter  in  synchronization  of  propeller  blades  which  blade  of  one  propeller 
is  set  in  the  given  phase  with  the  blade  of  another  propellerj  moat  expedient 
is  the  synphasing  of  nearest  blades.  In  this  case*  the  maximum  values  of  phase 
deviation  may  amount  to  -  36o°/2m*  where  m  is  the  number  of  propeller  blades. 

Ibis  leads  to  the  followlagi  when  the  RPM  rate  of  the  shaft  of  propellers  being 
synchronized  is  difference*  the  sign  of  this  difference  being  unchanged*  there  may 
occur  a  change  of  phase  slgni  this  will  cause  a  change  in  sign  of  synchronizing 
signal*  and  the  system  becomes  structurally  unstable* 

The  behavior  of  synchrophasing  system  tmder  the  action  only  in  the  signal 
of  phase  mismatch  9*  according  to  the  transfer  function  (13)»  at  the  presence 
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As  can  be  seen  in  Fig.  3d,  the  aynchrophaalng  i»  accomplished,  but  the  time 
of  phase  setting  constitutes  about  40  esc.  At  the  sane  tine,  haring  compared 
the  oscillogram  shown  in  Fig.  3d  with  that  in  Fig.  3a.  one  can  see  that  the  process 
of  synchro  phasing  is  determined  mainly  by  the  quality  of  performance  of  the  RFM 
regulator,  because  amplif ication  coefficients  in  channels  of  HIW  rate  synchronization 
and  synchrophasing  hare  a  small  value,  and  the  synchrophasing  unit  accomplishes  merely 
the  function  of  reducing  the  phase  to  the  required  value  at  the  end  of  transient  process. 

An  Increase  in  these  coefficients  causes  either  longer  oscillatory  processes 
or  self-eclllations  (due  to  the  effect  of  non-response  zone  of  the  regulator) 
with  deviation  of  the  average  value  of  RPM  rate  from  the  synchronous  one,  which  exoludes 
the  establishment  of  a  constant  phase  value.  Particularly  disadvantageous 
is  the  Increase  of  amplification  coefficient  in  phase  integral  channel. 

More  favorable  transient  processes  can  be  obtained  by  the  second  method 
of  realization  of  the  transfer  function  (13),  which  can  be  seen  in  Fig.  4. 


Fig.  4.  Transient  Processes  with  Synchro phasing  Unit  Being  Acted  Upon 

by  Signals  oC  Difference  in  HPM  Rate  and  Phase  Difference. 
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However,  in  this  case,  the  character  of  transient  process  is  determined  mainly 
by  the  quality  of  performance  of  the  RFM  regulator. 

We  have  considered  above  synchro  phasing  processes  for  an  ideal  synchrophasing 
unit. 


If  each  channel  of  synchro  phasing  unit  contains  an  aperiodic  element,  its  dynamic 
properties  are  described  by  the  system  of  differential  equations  in  form 

.  (7c/»+l)Xvc  (.v,  +A.v,); 

M-V.  +  A.V,);  (17) 

Aa^H-Aa-^. 

Stability  regions,  corresponding  to  this  case  at  Tc=.  T^  »  T,  are  shown  in  Fig.  5* 

As  can  be  seen  in  this  figure,  an  Increase  in  the  value  of  time  constant  of  the  aperiodic 
element  in  circuits  of  the  synchro phasing  unit  does  not  cause  any  great  changes 
in  the  stability  region  at  small  values  of  T, 


The  functional  diagram  of  synchrophasing  system  with  the  synchrophasing  unit 


described  by  differential  equations  (17)  is  shown  in  Fig.  6,  where 


_  a  I  •30 

A», -  ,  A, 

*nlo 


»o-30 


(k) 


are  the  relative  values  of  rotation  angle  of  propeller  shafts  and  master  unit, 
respectively.  Transient  processes  in  this  system  at  Tc  =  T^  =  T  are  shown  in  Fig,  7, 
As  can  be  seen  in  this  figure,  the  character  of  transient  processes  in  the  initial 
sections  does  not  differ  substantially  from  transient  processes  obtained 
at  ths  absence  of  lnertnees  of  the  synchrophasing  unit. 


(see  following  page  for  Figure  5) 
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Figure  5«  Stability  Regions  of  Synchro phasing  System 
with  Inertial  Synohrophasing  Unit. 
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Fig.  6.  Functional  Diagram  of  Synchrophasing  System  with  Inertial  Synchro  phasing  Unit. 
1  -  engine;  2  -  master  unltl  3  -  regulator  of  variable-pitch  propeller. 


Fig.  7«  Transient  Processes  of  Synchrophasing  System  with  Inertial  Synchro phasing  Unit. 
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Strict  requirement*  concerning  the  phase  maintenance  accuracy  at  the  presence 
—  during  a  stabilized  flight  --  of  constantly  acting,  disturbing  effeota, 
causing  the  deviation  of  KFW  rate  of  propeller  shaft  by  the  Talue  -3-5  rpm, 
obviously  cannot  be  met  without  improvement  in  quality  of  control  of  the  RIM  rate 
of  engine  shaft. 

As  demonstrated  by  the  analysis  presented  above,  the  latter  cannot  be  achieved 
even  with  the  ideal  synchrophasing  unit.  At  the  real  magnitude  of  disturbing  action* 
the  phase  changes  within  a  wide  range  and,  at  the  first  moment,  there  occurs  even 
a  change  in  phase  sign. 

The  synchro pis ting  process  cannot  be  in*)  roved  also  by  introducing  the  correcting 
devices  into  the  circuit  of  synchro phasing  unit.  In  fact,  if  the  correcting  device 
is  inserted  into  the  synchro phasing  channel  of  synchrophasing  unit  in  form 
of  an  ideal  differentiator,  the  motion  equation  of  synchrophasing  unit  will  be 

|a*,/»  mv>  ’)K-v;  a.v,)  (i) 

or,  upon  transformations, 

/iV](,  |(Vb*sV/’  **l(-v  (18) 

Hence  it  is  clear  that  the  introduction  of  the  differentiator  into  the  synphaalng 
channel  does  not  cause  any  changes,  because  the  expression  of  coefficient  k^+-  k^T^ 
at  the  operator  in  the  first  power  in  the  right  section  of  equation  can  be  considered 
as  kj  and  equation  (18)  changes  into  the  initial  equation  (l6). 

If  a  parallel  correcting  device,  that  is,  the  ideal  differentiator,  is  inserted 
into  the  RIM  synchronization  circuit,  the  equation  of  synchrophasing  unit  will  assume 
the  form 

I*i (V  ')/’  ‘  *,!(*,-{  A.v,)  (!9) 
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The  characteristic  equation  of  the  system  will  be  then 

7\7>M  [7> I  74  (H  *n*3,)l/’M  0-1  *.3*3>)/'3  i- 

4  it,s*ai  (1  +*,-*.)/»*+  *ia*2,  <*i/»  +  *»>  °- 


Let  us  determine  henoe  expressions  of  k^  and  kg  for  construction  of  the  stability 
region  by  the  method  of  D -division 

f,  1  ~t  *13*31  —  T-x  T m1. 

(20) 

k  -f  1)— [7-t  I  7A'(1  't  *13*3!)!  <4  m, 

J  *,3*,, 

Having  excluded  U)  ,  we  obtain 

*,  »«*„((<. r.-!'r»))*i'l '  )*••  (.) 

Hence  the  maximum  value  of  kj  (kg  -  0)  is  equal  to 


'  1  +  *13*31 


FtfO  t  *  1 3*3 1 )  (-  7'il-^c 


and  the  maxlaum  value  of  kg« 


*15^21 


•  +  *13*31 


(74(1  I  *l3*3l)  1  T’,)  3C 


It  is  clear  from  these  expressions  that  increasing  the  value  of  <tc  causes 
an  increase  in  amplification  coefficients  of  the  synchrophasing  unit,  k^  and  kg, 
and,  consequently,  an  expansion  of  the  stability  region. 

However,  an  introduction  of  such  a  correcting  device  into  the  synchronization  circuit 
of  RIM  rate  of  the  synchrophasing  unit  is  equivalent  to  increasing  the  amplification 
coefficient  in  the  circuit  of  RIW  regulator. 


In  fact,  equality  (19)  can  be  presented  in  the  following  form  (on  assumption 
that,  as  a  result  of  operation  of  the  synchrophasing  unit,  the  re-ed Justus nt 
of  the  RR4  regulator  to  the  required  value  has  been  accomplished  and  -0), 

[*,-,4  ^  (k\P  J i 

and  the  equation  of  RB4  regulator  will  assume  the  form 


ITD-TT-62-1166A*  2- 


(?>+ Dm  k.o+A-.g-f^- 

L  /  J  (r) 

It  is  not  permissible  to  increase  tbs  amplification  cosfflclsnt  in  tbs  eireult 
of  the  RFM  regulator,  beeauss  this  coefficient  is  selected  normally  from  conditions 
of  obtaining  satisfactory  processes  of  RIM  regulation  and  is  a  definite  quantity. 

Basing  on  tbe  analysis  conducted  above,  one  can  conclude  that  the  process 
of  synchrophasing  cannot  be  improved  by  introducing  into  the  circuit  of  synchro  phasing 
unit  the  correcting  devices  in  form  of  differentiators.  The  synchrophasing  processes 
can  be  improved  only  by  improving  the  engine  control  system,  1.  e.,  by  Introduction 
of  stabilizing  devices  into  the  circuit  of  the  RIM  regulator. 

We  can  consider  tvo  kinds  of  stabilizing  signals  in  the  engine  control  system! 

a)  introduction  of  signal  proportional  to  the  rate  of  RIM  change  into  the  circuit 
of  RFM  regulator  of  the  propeller  shaft  (introduction  of  accelerometer) | 

b)  stabilization  of  control  system  by  acting  upon  fuel  consumption  by  the  RFM  rate 
mismatch  signal. 

In  tbs  first  case,  the  differential  equation  describing  the  motion  of  RFM  regulator 
assumes  the  following  form,  (for  the  real  accelerometer)! 

(7*, /»+')/«.  *».  [(  T;;1  ,  +  ‘K1 -**'♦]  (21) 

The  characteristic  equation  of  the  dosed  system  of  synchrophasing  will  be 
in  this  case  . 

V>H|r*r,( i 7\(7-*+r1)i/»«j 
•  I7',  !  (?*  7',) (1 +*„*„)[/;«  [I  *,/•„-}  *,  <•..  (T.  '..)!/>’  I  (■) 
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Hence  the  expressions  for  k^  and  in  eonstruetion  of  the  stability  region 
by  the  method  of  D-d  iris  ion  will  be 


1  +fe|3ft3l+^ta*3l'Ia — [7~ ->7~ /?  —  T\  (1  +  *13*3l)l  M-  —J\ ? rT~, 

*,=  ’ 

frT+7'/?<i+*l3*3,) —  trMT,(T,, 4-t>)l »■>-— r-|rI+rg(H-*|3*3i)l  “4  , 


(t) 


*,=  — — 


*iAi  (>  +  »!-•) 


These  expressions  for  kj  and  kg  can  be  represented  in  the  following  forms 

h  z=z  T»  _l  J  +  *13*31  —  T#**  u)2. 


h  . ^ »T»  J  *1?*?  —  t^T  +  TgU  -t-  *13*3l)l  ^5 

5  \+Tl*1  ‘  *l2*2| 


Hence  it  is  clear  that  coefficients  and  are  two  components  constituting 
frequency  functions.  At  the  same  time,  constants  introduced  into  the  first  conponents 

e 

depend  only  on  parameters  of  the  accelerometer,  and  second  ones  on  parameters 
of  engine  and  variable-pitch  propeller  regulator  (without  accelerometer). 


Let  us  introduce  the  designation  —  *  1.  The  expressions  of  coefficients  k^  and  kg 

Ta 

will  then  assume  the  following  forms 

/,  _ !Z‘  7  'I  *lAl  ■  TiTqvI  7  \ 

1  l+r;.o5  '  *,!*;, 


I  h  J;^i 


>  _  „,4  |  *r*’3i  4  7,|  m- 


One  can  see  from  expressions  obtained  for  k^  and  kg  that  the  introduction 
of  the  accelerometer  causes  an  expansion  of  the  stability  region  and  an  Increase 
in  amplification  coefficients  of  the  synchro phasing  unit. 


Apart  from  that,  the  stability  region  decreases  with  increasing  at  the  constant 


value  of  formula  1 3 


and  increases  at  the  constant  value  of  T#  and  with  an  increase 


in  formula  1 s 


tst* 


Fig*  B  shows  stability  regions  of  the  synchro  phasing  system  for  1  =  10  at  the  various 
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values  of  and  with  above -indicated  parameters  of  the  engine  and  variable -pi toh 
propeller  regulator. 


Fig.  8.  Regions  of  Synchro  phasing  System  on  Introduction  of  Accelerometer 

into  RIM  Control  Circuit. 

Fig.  9  shows  transient  processes  in  the  synchropbaslcg  system  at  the  action 
in  form  of  a  single  step  function.  It  can  be  seen  in  this  figure  that  the  Introduction 
of  the  accelerometer  causes  a  substantial  lnprovement  in  the  synchrophasing  process 
at  a  relatively  small  phase  deviation. 
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Improvement  in  the  quality  of  the  process  of  controlling  the  number  of  rev- 
olutione  of  a  turboprop  can  be  attained  through  the  introduction  of  additional 
action  in  the  consumption  of  fuel  on  a  signal  of  deviation  in  the  number  of  rev*- 


elutions  between  the  master  device  and  the'" 


dependent  engine.  The 


structure  of  euch  a  system  is  shown  in  Tig.  10. 


jtT 


*.  o 
_  / 


$Cf*  . 
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Fig.  9.  Transition  processes  of  the  system  of  synchronisation  in  the 
introduction  of  an  accelerometer  into  the  chain  of  control 
of  the  number  of  revolutions. 


The  system  of  differential  equations  for  this  casp  has  the  following  form: 
eaua'ion  of  motion  of  ‘he  turbocompreesor 

(7t/H"1)-V,  -*uN.-K-,3.v, 4  /•(');  (aa) 

equation  of  the  notion  of  the  combustion  chamber  (not  talcing  into 
account  tne  transmission  delay) 

-*3  —  *t(-vi  AJC,);  (bb) 

equa*ion  of  the  motion  of  the  regulator  of  the  number  of  revolutions 
with  controllable- pitch  propeller 

(TKp  {  >)m  d-v,*).  tccj 

phase 

equation  of  the  motion  of  the  synchroniser 


(*,/’  i  k2)  (.v,  1  A.v,). 
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Let  ub  unite  the  equations  of  the  turbocompressor  and  the  combustion  cham¬ 


ber  after  having  excluded  xy 

(7* T  — f- 1  — J  ‘  -^i  ^  (ee) 

From  the  relationship  obtained  it  is  seen  that  the  introduction  of  the 
action  on  the  consumption  of  fuel  is  equivalent  to  an  increase  in  the  automatic 
speed  regulation  of  the  engine,  which  makes  it  possible  to  increase  the  coef¬ 
ficient  of  amplification  in  the  chain  of  the  regulator  of  the  number  of  rev¬ 
olutions,  and  in  this  way  improve  the  process  of  regulating  the  number  of  rev¬ 
olutions,  and,  consequently,  also  the  synchronozation.  However,  the  increase 
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Fig.  10. 


Diagram  of  the  circuit  of  the  synchronization  circuit'  in 

the  introduction  of  the  stabilizing  signal  through  on  the  con¬ 
sumption  of  fuel  on  deviation  in  the  number  of  revolutions  be¬ 
tween  the  dependent  engine  and  the  master  device 


in  the  coefflclst  of  amplification  of  the  regulator  of  the  number  of  revolutions 

phase 

can  be  accomplished  only  in  the  case  where  a^synchronlzer  is  included  in 

in  all  modes  of  operation  of  the  enmine,  which  does  not  correspond  to  require¬ 
ments.  Besides,  this  is  connected  with  change  in  the  parameters  of  the  regula¬ 
tor  of  the  number  of  revolutions,  and  therefors  it  is  no*  good  in  the  case  of 
the  setup  of  a  -hase-synchronlzation  system  on  aircraft  in  actual  operation. 
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In  this  connection  it  is  more  feasible  not  to  have  an  increase  in  the  coeffi¬ 


cient  of  amplification  of  the  regulator  of  the  number  of  revolutions,  and  to 
introduce  an  equivalent  signal  proportional  to  the  rate  of  deviation  of  the 
number  of  revolutions  in  the  chain  of  the  phase  synchroniser  along  the  chan¬ 
nel  of  synchronisation  of  the  number  of  revolutions. 

In  Fig.  11  there  are  shown  the  transition  processes  in  the  system  of  syn¬ 
chronisation  corresponding  to  the  design  scheme  presented  in  Fig.  10.  From 
this  layout  it  is  seen  that  with  a  greater^  coefficient  of  amplification 
in  the  chain  of  action  on  the  consumption  of  fuel  there  occur  automatic  oscil- 
ations  with  a  comparatively  small  amountof  deviation  in  the  phase  difference 
(Fig.  11,  a).  Decrease  in  the  coefficient  of  amplification  in  the  chain 

of  action  on  the  fuel  consumption  leads  to  a  slow  extinguishing  of  the  oscilla¬ 
tion  process  with  an  increase  in  the  deviation  cf  the  value  for  the  difference 
of  phase  (Fig.  11,  b) 

Then  introduction  of  a  real  differentiating  link  into  the  channel  of 
synchronization  of  the  number  of  revolutions  leads  to  considerable  Improvement 
in  the  transition  processes  in  the  number  of  revolutions  and  phase  difference 
(Fig.  11,  c).  However,  the  signal  of  the  readjustment  of  the  regulator  of  the 
number  of  revolutions  is  much  stronger  in  tnie  case. 


Investigation  of  the  System  of  Phase  Synchro- 
nlzat ion  in  Random  Effects 

In  flight  the  engine  is  subjected  to  the  effect  of  external  disturbances 
which  cause  a  change  In  the  number  of  revuMions  of  the  shaft  within  certain 
limits.  In  this  case  wltn  an  established  regime  of  flight  the  number  of  revo¬ 
lutions  of  the  propeller  shaft  fluctuates  with  a  frequency  of  about  0.5  cps 

and  amplitude  of  2 — 5  rpm  on  the  propeller  shAft.  Therefore  one  is  interested 

in  the  research  of  process  of  phase  synchronization  with  that  kind  of  action 
on  the  engine. 
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The  research  of  the 
process  of  -chase  synchroni- 
eation  is  accomplished  on 


u. 

:) 

1 

t 

I 

W  l 

Fig.  12.  Form  of  the  sig^- 
nal  on  the  output  of  the 
generator  of  random  effects 

the  electron^  ''simulating 
unit  with  the  use  of  a 
specially  developed  signal 
generator  which  imitates  the 
turbulence  of  the  atmos¬ 
phere  which  causes  a  fluctu¬ 
ation  m  the  rpm  ot  the 
engine. 


Fig.  11.  Transition  processes  of  the  system  of 
phase  synchronization  by  action  on  the 
fuel  consumption 

n)  ,  *2=0. 07^.  fcj-10;  b)  *1=1 ,  *^=0.026,  *- 

zl;  c)  *^z3.  *2=0*02^*  ^a-1*  sec..  Ta=0.0t>  sec, 
ICmilO. 


In  this  case  for  the 
purpose  of  simplifying  the 
circuit  of  the  generator 
and  increasing  the  depend¬ 
ability  of  its  wording, 
there  wag  allowed  some  devi¬ 


ation  from  'he  character 

of  real  disturbing  effects.  If  under  real  conditions  the  rate  of  change  in 
the  disturbing  effect  always  has  a  finite  value,  then  the  signal  on  th»  output 
of  the  generator  changed  by  a  jump  (Fig.  12).  For  a  proxlmating  the  conditions 


?*! 
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of  the  working  of  the  system  of  the  phase  synchronizer  on  the  model,  to  the 
real  conditions,  the  frequency  and  the  amplitude  of  the  disturbing  effects  are 
selected  in  such  a  way  tnat  the  character  of  the  change  in  the  model  which 
characterizes  the  deviation  in  the  number  01  revolutions  will  be  analogous 
to  the  vehavior  of  the  rco  of  the  engine  in  an  established  flight  regime. 

In  Fig.  13  there  is  presented  the  circuit  of  the  simulation  of  the  system 
of '  synchr oni zat ion. 

A  peculiarity  of  the  simulation  of  the  system  of  phase  synchronization  is 
the  necessity  of  obtaining  on  the  model  a  signal  which  is  proportional  to  the 
phase  difference.  Clearly,  with  a  relatively  large  deviation  in  the  rpm  of  the 
engine  from  the  rpm  of  the  master  device  in  the  transition  regime  some  shuts 
of  pnases  ir»y  occur.  If  the  rpm  of  the  dependent  engine  shifts  from  that  of  thn 
master  by  some  value,  aic  this  deviation  is  preserved,  then  the  sign  of  phaee 
difference  will  periodically  change^  'with  the  period  sec.,  where  n^  is 

the  rpm  of  the  engine. 

For  realizing  the  possibility  of  obtaining  on  tre  model  as  signal  which 
is  proportional  to  *the  phase  difference  under  any  probable  deviations  in  tne 
rpm  of  the  dependent  engine  from  the  synchronous  ones,  one  can  use  the  circuit 
shown  in  Fig.  Id,  which  works  in  the  following  fashion. 

A  voltage  which  is  proportional  to  the  difference  of  the  rpm  of  the  engine 

-  'x  OI  tlltr 

shaft  from  that  of  the  transmitter  is  fed  onto  one  of  the  contacts  connect¬ 
ing  group  relay  P^,  On*\he  second  contact  of  tne  same  group 

this  same  voltage  16  supplied,  but  with  the  reverse  Eign,  and  this  is  accomollshed 
by  connecting  in  an  inverter  (operational  amplifier  1).  'Voltage  taken  from  the 
middle  point  of  this  group  is  led  to  -he  input  of  the  integrating  unit  Z,  on  the 
outrsit  of  which  one  gets  the  voltage  proportional  to  the  absolute  value  of  the 
■nhase  difference. 

Vfhen  a  voltage  is  obtained  on  the  output  of  unit  2  which  corresponds  to  the 
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Fig.  13.  Circuit  of  simulation  of  the 
system  of  phase  synchronize- 


the  phase  difference  at  which 
there  should  be  a  shift  of  the 
sign,  a  polarized  rely  cuts  in  on 
the  circuit  of  relay  P2  which 
causes  the  dropout  of  relay  P^  , 
and,  consequently  to  the  change 
in  the  sign  of  the  signal  on  the 
input  of  the  integrating  unit  2. 

Simultaneously  with  this  no¬ 
tion  there  occurs  the  switchover 
of  the  contacts  of  the  contact 


tion  under  random  effects  grouc  P12  onto  a  certain  con- 

(a)  generator  of  random  effects  tact  which  passes  the  signal  with 

(b)  switchover  device  the  reverse  Bign.  the  ar¬ 

mature  of  this  contact  group  & 

signal  is  received  which  is  proportional  to  the  phase  difference. 

In  Fig.  15  there  is  ehown  the  proce6B  of  maintaining  the  phast  s  unaer  random 
effects  in  the  absence  of  stabilizing  signals  in  the  phase-synchronization  sys¬ 
tem.  As  is  eepn^  from  this  graoh  the  phase  changes  over  the  whole  range  of 
its  possible  deviations,  and  consequently 
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phase- synchronisation  system  phase-synchronization  system 

during  random  effects  and  ai>-  during  random  effects  with 

eence  of  stabilizing  signals,  accelerometer  in  the  rpm-con- 

kl  r  0.2  and  =  0.026  trol  circuit  (^=3-  'C2=0,°7R> 

Ta=°»35.  and  <t'a=3>5) 


Tig.  17.  Transition  processes  in  the  ohase-oynchronizatlcn  system  during  random 

effects  and  stabilization  signal  through  action  of  the  fuel  consumption , 
Itj  :  It,  r  0.07ti,  and  fcj  :  10. 

the  required  precision  of  phase  maintenance  is  not  sustained.  The  introduction 

3U 
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of  the  accelerometer  into  the  circuit  of  the  rpm  regulator  enables  one  to  improve 
considerably  the  process  of  phase  synchronization  (Fig.  16) 

The  crocese  of  chase  synchronization  is  also  improved  by  the  introduction  of 
a  stabilizing  signal  through  action  on  the  consumption  of  fuel  (Fig.  1?). 

The  introduction  into  the  circuit  of  a  phase-synchronization  signal  propoi'- 
tional  to  the  rate  of  deviation  of  the  rpm  improves  consicerably  the  process  of 
synchronization  even  during  random  effects  (Fig.  18). 


Fig.  18.  Transition  processes  of  the  phase- synchronization  system  during  ran¬ 
dom  effects  and  stabilization  signals  through  action  on  the  fuel  con¬ 
sumption  and  in  accordance  with  the  rate  of  deviation  of  the  rxnn  in 
the  synchronization  circuit  (k^=3>  fc2=0*026,  fcT=10t  T a=P.b,  -ino  1^=4). 


Conclusions 

1.  For  most  of  the  Known  systems  of  rpm  control  for  the  turboprop  engine, 

the  introduction  of  a  system  of  phase  synchronization,  astatic  with  relation  to 
disturbing 

external  action,  change  in  the  consumption  of  fuel  and  inaccuracy  of  ad¬ 
justment,  it  is  essential  that  the  phase  synchronizer  have  a  transmission  func¬ 
tion  reducible  to  the  formula 


W  (p)  = 
c  •  P 

2.  The  requirements  applicable  to  the  process  of  phase  synchronization — 
nalntal^  the  phases  within  narrow  permissible  limits — can  be  satisfied  only 
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in  the  case  where  there  is 


introduced  into  these  devices 


stabilizing 


signals  (accelerometer  into  the  rpm  regulator  or  action  on  the  consumption  of 
fuel  in  accordance  with  a  signal  of  the  deviation  in  rtan). 
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